Exposure to cyanobacterial water blooms has been associated with various kinds of adverse health effects. In addition to cyanobacteria and their toxins, the bacteria associated with cyanobacteria could also be the etiological agents. We isolated Aeromonas strains (n ¼ 176) from water samples (n ¼ 38) taken from sites where cyanobacteria were suspected to have caused human health symptoms, of which fever and gastrointestinal symptoms were the most common. The isolates were screened by PCR for six virulence gene types (12 genes). The majority (90%) of the strains contained at least one of the virulence genes. Most common amplification products were those of genes (act/aerA/hlyA) that encode cytotoxic enterotoxin and haemolytic products. The genes encoding cytotonic enterotoxins (ast and alt), phospholipase (lip/pla/lipH3/alp-1), elastase (ahyB) and flagellin subunits ( flaA/flaB) were also present in 5-37% of the Aeromonas strains.
INTRODUCTION
Cyanobacteria produce several secondary metabolites, such as hepatotoxins and neurotoxins, and they contain endotoxic lipopolysaccharides as a part of their cell structure (e.g. Sivonen ). These compounds can cause mild to fatal health effects in humans and animals (Kuiper-Goodman et al. ; Sivonen ). Risk analysis concerning mass occurrences of cyanobacteria, the blooms, in water bodies used for recreation has generally focused on the toxins (e.g. Chorus et al. ) . However, the majority of the reported health effects associated with exposure to cyanobacteria do not resemble the characteristic effects of the known toxins (Kuiper-Goodman In our previous study more than 400 heterotrophic bacterial strains associated with cyanobacteria were isolated (Berg et 
MATERIALS AND METHODS

Water samples and health symptoms
The water samples (25 fresh water and 13 brackish water samples) were collected from sites where a cyanobacterial bloom was surmised to have caused human health symptoms associated with recreational use of water. The information on adverse human health effects was collected by medical experts through telephone interviews of the exposed persons. The first interview was performed immediately when the symptomatic persons contacted the telephone service. Another interview was performed one or two weeks later in order to acquire information on the duration of the symptoms and to exclude other explanatory causes of the symptoms than exposure to cyanobacteria. The water samples were taken from the exposure sites as soon as possible, usually within a day, after the first interview.
Toxin analyses
The known cyanobacterial toxins were analysed from the The bacterial endotoxin concentrations were analysed with the kinetic chromogenic LAL assay (Bio Whittaker, Walkersville, USA) as described by Rapala et al. (b) .
The aerosol exposure at the measured endotoxin concentrations was estimated with the formula for aerosol exposure in showers as described by Anderson et al. () using the empirical constants of 0.03 and 0.2.
Heterotrophic colony count and isolation of
Aeromonas strains
For estimation of total amounts of cultivable heterotrophic bacteria in the samples, the R2A agar medium (Difco, Kansas City, USA) plates and 7 days incubation at 20 ± 2 W C in the dark were used. Starch ampicillin agar (SAA) was used as the selective medium for isolation of Aeromonas strains (Nordic Committee on Food Analysis ). The plates were incubated in the dark at 36 ± 2 W C for 21 ± 3 h or at 20 ± 2 W C for 72 ± 3 h. In order to obtain pure strains, colonies were picked from SAA plates and subcultured on R2A
plates ( The isolated strains were tested for oxidase and catalase production, and their motility, H 2 S and indole production and acid and alkaline reactions caused by mannitol or inositol fermentation, or by ornithine decarboxylation, were tested with AH-tubes as described by Kaper et al. () . Three primer sets (Thermo Electron Corporation, Ulm, Germany) were used in the Aeromonas virulence gene PCR, and one primer set (number 4) was used to control the success of the PCR reaction ( Table 1 ). The PCR was run as described database under accession numbers EU723887-EU724059.
Taxonomic assignment of the strains
The 16S rRNA gene sequences of the 185 isolated strains were used to assign the strains taxonomically using the Ribo- 
Statistical analysis of the data
The associations between the Aeromonas strains and the detected health symptoms, virulence genes, physiology and origin of the strains were studied using a multivariate multiple The chosen distance measure was chi-squared distance, the number of permutations 9,999 and the integer 12.
RESULTS
The bacterial strains isolated in this study originated from aquatic samples that were associated with various human disease symptoms after recreational contact with cyanobacteria. The most common symptoms were fever and gastrointestinal symptoms (Figure 1 , Appendix A, available online at http://www.iwaponline.com/jwh/009/206.pdf). Of the analysed toxins, the median concentrations of the measured hepatotoxins (microcystins and nodularin) and neurotoxins (anatoxin-a, homoanatoxin-a, and their dihydro and epoxy degradation products) were below the detection limits (Table 2 , Appendix A, available online at http:// www.iwaponline.com/jwh/009/206.pdf). Signs of the presence of anatoxin-a(S) were detected in one sample and all samples were negative for saxitoxins.
The bacterial endotoxin concentrations (including also cyanobacterial endotoxins) were between 10 and 300 EU ml À1 in the majority (89%) of the samples, with a median of 58 EU ml À1 ( c Anatoxin-a, homoanatoxin-a, and their epoxy and dihydro degradation products.
d Detection limit dependent on the volume of the concentrated sample. 
42 (24) A. popoffii T (AJ224308) 25 (14) A. sobria T (X60412) 12 (7) A. encheleia
Of the total 176 Aeromonas strains, two strains were not assigned to genogroups because they were placed separately from the rest of the strains in the principal coordinate analysis. 
DISCUSSION
Virulence genes were detected in the majority of the 176 Aeromonas strains isolated from the samples that were associated with disease symptoms surmised to be caused by exposure to cyanobacteria. The high frequency of virulence genes in the Therefore, the taxonomic identification of the isolated strains in this study is reliable only to genus level.
The detected Aeromonas colony counts were similar to those measured previously from clean rivers and lakes
(1-10 2 CFU ml À1 ) and rivers receiving sewage discharges 
CONCLUSIONS
The cyanobacterial hepatotoxins and neurotoxins that are often suspected to be the causative agents of adverse health effects associated with cyanobacterial water blooms were rarely detected in significant concentrations from the water samples of this study. The measured bacterial endotoxin concentrations were also low. Therefore the studied toxins were unlikely to be the cause of the most commonly reported gastrointestinal and fever symptoms. Instead, virulence genes, such as the act and alt genes that have been associated with gastrointestinal symptoms, were abundant among the Aeromonas strains isolated from the water samples, indicating that Aeromonas bacteria may be the causative agent of some the reported health symptoms. The study supports the importance of taking the bacterial community into consideration when assessing the possible health impacts of cyanobacterial water blooms and the precautions taken against these impacts. This is also important for evaluation of the possible co-operative actions that cyanobacterial toxins, bacterial endotoxins and bacterial activity may have for the adverse health effects.
